Introduction
Thirty years after the human immunodeficiency virus (HIV) was first identified, the HIV epidemic continues to cause large-scale human suffering and economic losses. In 2012, an estimated 35.5 million people were living with HIV and 1.6 million people died of HIV/AIDS (UNAIDS, 2013b) ; and, as of 2012, 17.8 million children lost one or both parents due to HIV (UNICEF, 2014) . Economically, HIV is projected to continue to slow economic growth in sub-Saharan Africa, the region with the highest HIV burden, for many years to come (UNAIDS, 2005; Vasilakis, 2012 ).
An unprecedented global commitment
HIV/AIDS features prominently in the Millennium Development Goals (MDGs) with MDG 6a focusing on reducing incidence ("to have halted by 2015 and begun to reverse the spread of HIV/AIDS") and MDG 6b on treatment ("to achieve, by 2010, universal access to treatment for HIV/AIDS for all those who need it") (United Nations, 2014) . Since the formulation of these goals, HIV has not only received the largest amount of donor funding of all healthrelated MDGs (Dieleman et al., 2014) , but the international HIV response evolved into an unprecedented global political and financial commitment to a single disease. Politically, HIV has been the focus of three UN General Assembly Declarations; the first recognizing the HIV/AIDS epidemic as a "global emergency" (United Nations, 2001) ; the second one resolving to achieve "universal access to comprehensive prevention programs, treatment, care and support" by 2010 (United Nations, 2006) ; and the third pledging to intensify efforts to eliminate HIV and AIDS (United Nations, 2011) . Financially, resources available for HIV programs in low-and middle-income countries increased from an estimated value of US$2.1 billion 1 in 2001 to US$19.5 billion in 2012 of which US$9.2 billion were from international sources (UNAIDS, 2013b) . In fact, HIV alone received 25% of international development assistance for health in 2011 (Dieleman et al., 2014) .
Looking to the future: HIV as an unfinished agenda
This impressive commitment to HIV has led to significant successes in halting and reversing the epidemic. The annual number of new HIV infections globally is estimated to have decreased by 33% (from 3.4 to 2.3 million) between 2001 (UNAIDS, 2013b . In addition, 9.7 million people globally received life-saving antiretroviral therapy (ART) in 2012, and the annual number of deaths due to AIDS declined by more than 30% between 2005 (UNAIDS, 2013b ).
Yet, MDG6 will not be achieved by 2015, and the HIV epidemic is still one of the most important causes of loss of life and health in sub-Saharan Africa. In fact, HIV still causes the largest number of disability-adjusted life years (DALYs) among all diseases in Eastern and Southern Africa (Ortblad, Lozano, and Murray, 2013 ). An important reason for this high disease burden is that in 2012, only about six out of 10 people living with HIV in sub-Saharan Africa and needing ART under current national treatment guidelines (CD4 count 2 ≤350/μl) received ART (UNAIDS, 2013a) . Moreover, immunological and virological failure rates among those receiving ART in the region are commonly high (Aghokeng et al., 2014) . Clearly, therefore, national and international development strategies after 2015 cannot ignore the HIV epidemic. Importantly, the successes of the past ART scale-up are vulnerable to discontinuation of investments; only by continuing ART provision to those currently receiving ART can the mortality and morbidity reductions of the past be maintained. However, international donors have not increased the level of spending on HIV since 2009, which is expected to remain stagnant over the coming years (UNAIDS, 2013b) . In the face of obvious resource constraints and a persisting HIV burden, we propose two goals that will generate the highest return on investment in addressing the unfinished HIV agenda.
Two goals to address the HIV epidemic in the most affected countries
Sub-Saharan Africa is home to 70% of those living with HIV globally (UNAIDS, 2013b). Within Africa, the Southern region has been hit hardest by the epidemic. In fact, all hyperendemic countries (countries with an adult HIV prevalence greater than 15%; UNAIDS, 2014b) are located in Southern Africa. These are currently Botswana, Lesotho, South Africa, Swaziland, and Zimbabwe (WHO, 2014b). These two goals address the HIV epidemic in hyperendemic countries for the period 2015 to 2030:
Goal 1: Achieve ART coverage of at least 90% among HIV-infected adults with a CD4 count <350 cells/μL before expanding the HIV treatment scale-up to people with higher CD4 counts.
Goal 2: Attain circumcision coverage of at least 90% among HIV-uninfected adult men. This paper first explains why these two goals are the most cost-beneficial measures for HIV. Then the paper presents the assumptions, structure, and results of a model built to calculate the costs and benefits of scaling up ART and male medical circumcision (MMC). Finally, the paper discusses implementation challenges for both goals.
Why focus ART first on those most in need?
Since the advent of antiretroviral drugs, the WHO has gradually increased its recommended threshold for starting patients on ART to include increasingly healthy patients. WHO treatment thresholds are based on the CD4 count, a cell count that decreases in concentration with deteriorating immune system function. In 2006, the WHO issued a recommendation that patients with a CD4 count <200 cells/μL should be started on ART (WHO, 2006) . In 2010, this threshold was increased to <350 cells/μL (WHO, 2010a) before it was further increased to <500 cells/μL in 2013 (WHO, 2013) . These increases, while not without controversy, were based on evidence that earlier ART benefits patients' health. In 2011, a clinical trial, hailed as a game changer in the HIV field, provided evidence for even earlier initiation of ART. It showed that providing ART early in the course of the disease reduces the chance of an infected person passing HIV to an uninfected partner by 96% (Cohen et al., 2011) . Similarly, at the population level, Tanser et al. found that increasing ART coverage in the general community is associated with a reduced risk of HIV acquisition , strengthening evidence that led to calls for using HIV treatment as prevention (TasP). Currently, several large ongoing trials aim to establish the causal effect of providing ART to all HIV patients regardless of CD4 count, i.e. TasP, when implemented at the population level in sub-Saharan Africa (Essex, DeGruttola, Lebelonyane, & Habibi, 2013; Havlir & Kamya, 2013; Hayes et al., 2014; Iwuji et al., 2013; Stop AIDS Now!, 2014) .
In an utopian scenario of unlimited resources, few would dispute that all HIV-infected individuals should be offered ART regardless of their CD4 count given the current evidence base for providing ART early in the course of the infection. However, in the real world where financial and human resources are limited, countries in sub-Saharan Africa, including the hyperendemic countries in Southern Africa, are still far from reaching universal ART coverage among those with lower CD4 counts. As of 2012, only an estimated 61% of all HIV-infected individuals with a CD4 count <350 cells/μL and 34% of those with a CD4 count <500 cells/μL were receiving ART in sub-Saharan Africa (UNAIDS, 2013b), in part because only about half (48%) of those infected with HIV know their status (UNAIDS, 2014a) . Compared with providing ART only to those with a CD4 count <350 cells/μL, TasP would roughly double the number of ART-eligible patients in hyperendemic countries (UNAIDS, 2013b (UNAIDS, , 2014a . Given that ART is expensive, TasP would undoubtedly require very large additional financial investments. Using a discount rate of 3%, an estimate indicated that implementing TasP in South Africa, the hyperendemic country with the largest absolute number of HIV-infected individuals, would have costed an additional US$11.8 billion in 2009 over the following 12 years as compared with maintaining the current coverage level of ART (Bärnighausen, Bloom, and Humair, 2012a) . This raises a fundamental question about resource allocation in hyperendemic countries: Should TasP be implemented immediately, or should resources be targeted first at the unfinished agenda of achieving universal coverage among those most in need of treatment before offering ART to those with higher CD4 counts? We recommend the latter approach for two main reasons.
The first reason is that providing ART to an individual with a CD4 count <350 cells/μL is, on average, more cost effective than offering ART to a patient with a higher CD4 count because the weaker a patient's immune system is, the more dramatic is their health status improvement with ART. Additionally, the preventive effect of ART is higher among those with lower CD4 counts because, with the exception of a very early acute infection stage lasting one to four months, patients with CD4 <200 cells/μL are significantly more infectious than those with higher CD4 counts (Hollingsworth, Anderson, and Fraser, 2008) . Thus, by providing ART to those with lower CD4 counts before gradually offering it to healthier HIV-infected patients, the hyperendemic countries would target the sharpest slope of the gradient of cost effectiveness before they incrementally roll out ART to all those who need it.
The second reason for a gradual rollout of ART from sickest to healthiest patients is that implementing TasP immediately may lead to a "crowding-out" effect whereby healthier patients may prevent sicker ones from receiving ART (Bärnighausen, Bloom, and Humair, 2014; Bärnighausen, Humair, and Bloom, 2012b) . Such a crowding-out effect arises when human, financial, or physical resources are insufficient to provide ART to all eligible HIVinfected people in hyperendemic countries. In this case, providing ART to a somewhat healthy patient may imply that a less healthy patient cannot receive the life-saving treatment. Several mechanisms can generate crowding-out effects. Sicker patients are physically weaker and are therefore, on average, less able to travel to the next ART clinic and wait, often for hours, to be seen by a health worker than their healthier peers. Similarly, patients in more advanced stages of HIV disease are less likely to be employed than patients in earlier stages of the disease. They may therefore be less able to afford the out-of-pocket expenditures associated with treatment, such as for transport. Crowding-out effects are not only highly undesirable based on cost-effectiveness reasoning but also based on ethical grounds; they would violate most conceptions of fairness in access to health care. Offering ART to people in earlier stages of HIV disease only when all, or nearly all, people in later disease stages are receiving ART will prevent crowding-out effects.
Why circumcision?
If effectively implemented, male medical circumcision (MMC) is plausibly a highly costbeneficial intervention to address the HIV epidemic for several reasons. First, MMC has been shown to be efficacious in preventing new HIV infections: three phase-III clinical trials conducted in South Africa, Kenya, and Uganda have shown that MMC has an efficacy of around 60% in reducing HIV acquisition by men through heterosexual intercourse (Auvert et al., 2005; Bailey et al., 2007; Gray et al., 2007) . Second, while MMC targets men, after some delay, rates of infection in women also reduce substantially as fewer of their sexual partners are infected. Third, MMC is a one-off intervention that lasts for life (in contrast to, e.g., antiretroviral drugs that have to be administered continuously). Fourth, the implementation costs of MMC will be comparatively low as the procedure does not require expensive equipment or medications and does not necessarily require a physician or surgeon (WHO, 2008) . Fifth, great potential exists for scaling up MMC in hyperendemic countries and sub-Saharan Africa as a whole. In 2007, WHO and UNAIDS selected 13 African countries to scale up MMC to 80% of HIV-uninfected men between the ages of 15 and 49 years by 2016. These countries collectively only reached 28% of this target by the end of 2013, with only Nyanza province in Kenya (85% of target reached) achieving more than 50% of the target (WHO, 2014a). Yet, the level of acceptability of MMC is encouraging with a review finding that a median of 65% of uncircumcised men in sub-Saharan Africa are willing to be circumcised (Westercamp and Bailey, 2007) .
A model to project the cost-benefits of ART and circumcision
We have developed a mathematical model to determine the cost effectiveness of increasing ART coverage under different CD4 count thresholds and of MMC in HIV-hyperendemic countries. A detailed description of the model and its assumptions can be found elsewhere (Bärnighausen et al., 2012a; Eaton et al., 2012) . Here, we build on this model to determine the costs and benefits of scaling up ART among HIV-infected individuals with a CD4 count <350 cells/μL (henceforth referred to simply as ART) and MMC among HIV-uninfected adult men in all five hyperendemic countries globally. We parameterize the model using data from South Africa, but we scale the model to apply to all hyperendemic countries. While the UNAIDS categorization into hyperendemic countries is somewhat arbitrary, as it is merely based on HIV prevalence, the HIV epidemics in these countries have some common characteristics in addition to a very high prevalence. These epidemic characteristics include that the virus circulates in the general population, that heterosexual sex is the main mode of transmission, and that women are infected earlier in life than men and represent the majority of HIV-infected individuals in these countries (UNAIDS, 2013b (UNAIDS, , 2014b .
The model analytically computes the number of new HIV infections and the number of HIVrelated deaths for different coverage combinations of ART and MMC using both behavioral and biological variables, such as the HIV transmission probability per sex act, the number of sex acts per time unit, and the number of sex partners. Compared with other models that typically furnish cost-effectiveness estimates of single HIV interventions, this model allows us to project the combined effects of multiple HIV interventions that may affect different biological or behavioral variables, as discussed in Bärnighausen et al. (2012a) . Further, the outputs from this model have been found to be in agreement with the outputs of 11 other HIV models (Eaton et al., 2012) . Figure 1 provides an overview of the model's basic structure. The following two assumptions need to be kept in mind when interpreting the model's results. First, given that ART is very effective in halting disease progression, the model assumes that an HIV-infected individual will not progress to the next stage of the disease as long as the person is on ART. Second, it assumes that MMC provides protection from HIV over and above that offered by ART because MMC and ART operate through different biological mechanisms. Thus, if a circumcised HIV-uninfected man has sex with an HIVinfected partner who is receiving ART, the per sex act HIV acquisition probability of the circumcised man is 40% of the reduced transmission probability due to the partner being on ART. This assumption is plausible, as discussed in Bärnighausen et al. (2012a) .
For each calendar year between 2015 and 2030, the model computes the cost of the interventions and number of HIV-related deaths if ART or MMC had been scaled up. The scenario that serves as a comparison, i.e. the counterfactual, is the cost and number of HIVrelated deaths when maintaining the approximate current coverage levels of ART (50% among those with a CD4 count <350 cells/μL; WHO, 2014b) and MMC (45% among adult men; Williams et al., 2006) . The two scenarios compared with this benchmark scale up MMC among adult men (90% MMC and 50% ART coverage) or scale up ART (45% MMC and 90% ART coverage). By subtracting the number of deaths in each intervention scenario from the number of deaths in the counterfactual scenario, we calculated the number of deaths averted in each calendar year for each ART and MMC scale-up scenario. We convert deaths averted into life years gained by multiplying the number of deaths averted by an estimate of the number of life years that the person has gained through the aversion of his or her death. We arrived at this estimate by assuming 1) that the age at which the person would have contracted HIV is the mean age of infection, which we calculated from data collected in KwaZulu-Natal in the largest population cohort in Southern Africa ; 2) that without ART a person would die 10 years after the age of infection, as 10 years is the approximate time from infection until death without ART (Bacchetti and Moss, 1989; Bailey, 1997) ; and 3) that the individual has a life expectancy of 70 years, which is the HIV cause-deleted life expectancy for rural South Africa (Bor et al., 2013) . Using this approach, we calculated that, on average, an undiscounted 33.5 years of life are gained for each death averted. Table 1 shows the projected life years gained and the implementation costs for each of the two goals. Under each discount rate, 3% and 5%, the life years gained are more than 10 times higher for ART as compared with MMC. However, compared with maintaining current coverage levels of ART and MMC, the additional cost of scaling up MMC is only about US$500 million, while the additional cost of scaling up ART is US$16.5 to US$19.3 billion. In fact, as the projected cost of maintaining the current coverage levels of ART and MMC lies between US$15.8 (5% discount rate) and US$17.9 (3% discount rate) billion, the cost of scaling up ART would require an additional 92-122% investment while rollout of MMC would only need roughly 3% in additional investment. The main reason for this discrepancy in implementation costs is that ART is a continuous healthcare service, which entails expensive long-term medications, while MMC is a one-off procedure. Tables 2 and 3 show the monetary benefit, cost, and the resulting benefit-to-cost ratio for each goal. While scaling up ART and MMC are both cost beneficial, the benefit-to-cost ratio for MMC is considerably higher. However, especially when using US$5,000 per life year gained, scaling up ART is also a highly cost-beneficial intervention and, in our view, an important goal for HIV and AIDS for the period 2015 to 2030. 
Findings

Limitations
We decided to calculate the cost-benefit using life years gained rather than DALYs gained. This is a reasonable simplification in this model as MMC averts deaths through preventing new infections, meaning that the survivors are likely to be in full health. Similarly, with newer ART regimens, patients tend to suffer few if any side effects and, assuming good adherence to medication, no opportunistic infections. Thus, patients on ART are also mostly in good health. Another limitation of the model is that, for simplicity and demonstration reasons, we considered costs and benefits as if both ART and MMC were scaled up immediately in 2015 to 90% coverage; of course scaling up either intervention would take years.
In addition, the model does not account for the effect of MMC and ART on the beneficiaries' social and economic outcomes. HIV is strongly associated with poor socioeconomic outcomes, such as loss of employment (International Monetary Fund, 2004 ). In the case of MMC, therefore, the socioeconomic benefits are the socioeconomic losses that were averted by avoiding HIV infection. In the case of ART, socioeconomic benefits for patients will set in with a certain delay after the initiation of ART. While several studies have shown the existence of such socioeconomic benefits under ART (Bor et al., 2012; Rosen et al., 2014) , they are difficult to quantify with sufficient precision to include in our model. Nonetheless, if these benefits were taken into account, the benefit-to-cost ratio would be even greater for both goals.
Comparing the results with the "Rethink HIV" exercise
In 2011, the Copenhagen Consensus Center, with funding from the Rush Foundation, commissioned a group of academics to analyze the costs and benefits of different approaches to tackling the HIV epidemic. The resulting book, entitled Rethink HIV, contains an assessment paper on approaches to preventing sexual transmission of HIV by Jere Behrman and Hans-Peter Kohler (Behrman and Kohler, 2011 ) and a paper on treatment of HIV/AIDS by Mead Over and Geoffrey Garnett (Over and Garnett, 2011) . Although based on different models and assumptions, the findings in both these assessment papers are comparable to our results here.
Over and Garnett modeled the cost-benefit comparison of spending an additional US$10 billion on increasing ART coverage either among patients with a CD4 count <204 cells/μL or <411 cells/μL (Over and Garnett, 2011) . Similar to our results, they found a benefit-tocost ratio between 2.8 and 7.5 for ART depending on the scenario, value of life, and discount rate. In line with our argument that first increasing ART coverage among those with lower CD4 counts before expanding eligibility to higher CD4 count thresholds is more cost beneficial, Over and Garnett also find that spending an additional US$10 billion on ART with a CD4-count cut-off of 204 or 411 cells/μL is more cost beneficial than spending an additional US$30 billion on ART with a much higher CD4-count threshold of 800 cells/μL.
As one of three approaches to reduce sexual transmission of HIV, Behrman and Kohler modeled the costs and benefits of spending US$10 billion on increasing MMC coverage among men in their 20s (Behrman and Kohler, 2011) . Their high benefit-to-cost ratios of 22.9 to 82.9 for high-prevalence countries and 6.5 to 40.5 for medium-prevalence countries (depending on discount rate and value of life) are similar to our findings. Notably, the benefit-to-cost ratios are significantly higher than for the other two preventive approaches modeled by the authors, which are information campaigns through mass media and peer groups and HIV testing and counseling.
Implementation challenges for increasing ART coverage
Similar to any large-scale public health intervention, both increasing coverage of ART and MMC are likely to face several implementation challenges. The main implementation challenges for our first proposed goal, increasing ART coverage at <350 CD4 cells/μL, are to 1) identify HIV-infected people who are unaware of their status and 2) improve uptake of and retention in national ART programs.
Increasing ART coverage hinges on the ability to identify HIV-infected individuals who are not yet aware of their positive status. The mainstay for HIV testing is voluntary counseling and testing offered at healthcare facilities. As an estimated 48% of HIV-infected individuals globally do not know their status (UNAIDS, 2014a), this strategy has clearly fallen short of achieving universal testing coverage. New intensified testing efforts are therefore needed, which may have the added benefit of reducing HIV-related risk behavior (Fonner et al., 2012) and possibly even HIV incidence (Coates et al., 2014) . Provider-initiated opt-out testing in various clinical settings has been shown to significantly increase testing uptake (Kennedy et al., 2013) and should, therefore, be rolled out further to a wider variety of clinical settings in HIV-hyperendemic countries. Facility-based testing alone, however, is unlikely to achieve universal testing coverage, and countries may therefore also need to implement extensive community-based testing programs, which have the potential to reach a large proportion of the population (Suthar et al., 2013) . Such approaches could include door-to-door testing; mobile testing (e.g. at shopping centers); index testing (i.e. offering testing to the household members and/or sexual partners of people who tested positive); self-testing; and testing at workplaces, churches, and schools. The best strategy will likely depend on the local context, and further research should be conducted to identify innovative and cost-effective approaches to increase testing uptake.
The second main challenge to increasing ART coverage is to link those identified as HIVinfected to national ART programs and to ensure high levels of ART retention and adherence. A systematic review found that in sub-Saharan Africa only an average of 57% of patients who knew their positive HIV status completed assessment for ART eligibility. Of those eligible for ART, only 66% started ART, and, of those who started ART, only 65% were still on ART after three years (Kranzer et al., 2012) . While these data are not from one cohort of patients, clearly a large proportion of patients are lost along the continuum of care. Similar to increasing testing rates, improving retention and adherence in HIV care is likely to require a combination of different approaches tailored to the local context. Evidence shows that mobile phone text message reminders and other types of reminders (e.g. diary cards), directly observed therapy, treatment supporters, food supplements, and education and counseling can significantly increase ART adherence (Bärnighausen et al., 2011; Finitsis, Pellowski, and Johnson, 2014) . These promising approaches deserve consideration for routine implementation after further innovative modifications to improve their effectiveness and cost effectiveness in particular local contexts. For example, as distance to the clinic, transport costs, and time lost from the patient's usual activities to attend clinic appointments are important barriers to adherence (Mills et al., 2006) and because HIV patients who are stable on ART do not need to be seen by a health worker at each drug pickup visit, healthcare providers could encourage patients to join a geographical patient network by asking if 1) they would volunteer to pick up antiretroviral drugs for other patients from their community and/or 2) they would be willing to pick up ART from someone in their community. Once such geographical networks are established, text message reminders could not only remind patients of their drug refill appointment but also inform them when other patients in their network are traveling to the healthcare facility along with the individuals' phone numbers. The healthcare facility could also implement a cost-sharing policy for transport and time lost from usual activities for these regional networks. As the use of smartphones, at least in urban areas, can be expected to starkly increase in developing countries over the next few years, such networks could in the future evolve into instant messaging groups and include applications that allow patients to identify the number, size, and location of such patient networks with the option to join a group online.
Implementation challenges for increasing MMC coverage
The implementation challenges for increasing MMC coverage can be divided into supplyand demand-side obstacles. On the supply side, the main challenges are human resource constraints and monetary costs. HIV-hyperendemic countries face a serious human resources for health crisis. Thus, MMC campaigns that require a large chunk of clinicians' time will inevitably incur an opportunity cost of decreased availability and/or quality of care for other healthcare services. To minimize this opportunity cost, MMC programs should not only emphasize efficiency through simple measures, such as providing prebundled MMC kits to reduce preparation time and increasing the number of surgical bays in operating rooms, but also focus on task shifting from higher to lower healthcare cadres without compromising quality of care. MMC programs have typically used one doctor and one assistant to perform one of three types of surgical circumcision procedures (forceps guided, dorsal slit, or the sleeve resection method) (Tobian, Kacker, and Quinn, 2014) , which allows for approximately 8-10 circumcisions daily . The WHO's Models for Optimizing Volume and Efficiency (MOVE) strategy recommends training lower healthcare cadres, such as nurses and clinical officers, rather than physicians, in carrying out circumcisions in countries with a severe shortage of health workers (WHO, 2010b) . In the MOVE strategy, assistants are responsible for preparing the circumcision (e.g. local anesthesia and assembling the kit), the "surgeon," who can be any health worker trained in performing MMC, then carries out the operation and inserts the primary sutures before the assistant completes the procedure by closing and dressing the wound. This approach can greatly increase efficiency; in South Africa and Zimbabwe, such a clinical team performed up to 50 circumcisions per day (Lissouba et al., 2010; WHO, 2010b) . In addition, a systematic review has found that task shifting for MMC from doctors and specialists to nurses and clinical officers does not increase the rate of adverse events (Ford, Chu, and Mills, 2012) . New technologies, such as the PrePex device or the Shang Ring, would obviate the need for a surgical procedure and could therefore further facilitate task shifting in MMC programs.
According to our model, the costs of scaling up MMC to achieve 90% coverage in hyperendemic countries will only be an additional US$500 million, which is comparable to other model projections (Bollinger et al., 2014; Hankins, Forsythe, and Njeuhmeli, 2011; Njeuhmeli et al., 2011) . Thus far, the United States President's Emergency Plan for AIDS Relief (PEPFAR) has funded around 80% of circumcisions in the WHO priority countries for MMC scale up (Sgaier et al., 2014) . Sgaier et al. name an insufficient level and lacking diversity of funding as key reasons for the failure of these priority countries to reach their target MMC coverage. Clearly, as international resources for HIV prevention decline, MMC scale up can only be successful if international donors and developing country governments prioritize funding for MMC.
While ethnic, cultural, and religious identities strongly influence the rates and timing of circumcision, the acceptability of MMC is high across sub-Saharan Africa, including in hyperendemic countries. A review of acceptability studies found that a median of 65% of uncircumcised men in sub-Saharan Africa were willing to become circumcised, 69% of women were in favor of circumcision for their partner, and 71% of men and 81% of women were willing to circumcise their son (Westercamp and Bailey, 2007) . Despite this high level of acceptability, low demand for MMC, especially among older men, is seen as a key reason for the low rates of circumcision (Chinkhumba, Godlonton, and Thornton, 2014; Sgaier et al., 2014) . Thus far, the main demand creation strategies for MMC programs have consisted of mass media campaigns, such as radio programs (Lissouba et al., 2010) ; community mobilization activities, including engagement with local community leaders in Kenya (Mwandi et al., 2011) ; poster campaigns and loudspeaker announcements in communities in Tanzania ; the organization of block parties and door-to-door informational visits in South Africa (Lissouba et al., 2010) ; mobile MMC clinics that bring the service closer to the customer; and MMC campaigns at strategic times of the year, such as during school holidays (Lissouba et al., 2010; Mahler et al., 2011) . To the best of our knowledge, only two studies have thus far examined the effect of financial incentives on demand for MMC. A randomized trial in Malawi found a moderate increase in demand among those who received a subsidy for the price of the MMC procedure (Chinkhumba, Godlonton, and Thornton, 2014) . Similarly, a randomized trial in Kenya found a moderately higher demand for MMC, which is free of charge in Kenya, in those who were offered food vouchers in return for MMC (Thirumurthy et al., 2014) . Although they would add to the cost of MMC programs, financial incentives are a particularly promising strategy for increasing demand for MMC. First, as the incentive can simply be provided at the MMC clinic after the procedure, administering the incentive and determining who has fulfilled the criteria to receive it is easy. Second, as opposed to financial incentive schemes to improve ART adherence, the incentive is only provided once, which reduces administrative burden and costs. Although the ethics of material incentives to increase demand for HIV prevention services can be debated (World Bank and USAID, 2011), our view is that a financial incentive is ethically defensible for improving MMC uptake because 1) MMC has significant positive externalities at the society level and 2) undergoing the procedure is costly for clients due to transport costs and time lost from work during recovery. In fact, clients in the Kenya trial have commented that the voucher value (US$8.75 or US$15.00) only partially offset their costs (Thirumurthy et al., 2014) . , 2014) . All three proposals contain one broad goal on health (e.g. "to achieve health and wellbeing at all ages"; Sustainable Development Solutions Network, 2014) with several indicators or targets; for each proposal, one of these indicators or targets mentions HIV, such as "end the epidemic of AIDS" (Open Working Group of the General Assembly on Sustainable Development Goals, 2014) and "reduce the burden of disease from HIV/AIDS" (High-Level Panel of Eminent Persons on the Post-2015 Development Agenda, 2014). A goal that encompasses a country's health sector in its entirety could be a substantial improvement to the current MDGs on health, which have been criticized as being too narrow in focusing only on certain diseases (Lomazzi, Borisch, and Laaser, 2014) . In our view, however, the current proposed HIV targets are too vague to be useful to developing country governments and international organizations as they do not provide guidance on how progress should be measured or what interventions should be implemented. We have thus proposed goals that specify how the HIV epidemic should be targeted. While more instructive to both implementers and policy makers, this approach has the disadvantage that more cost-beneficial measures to address HIV may arise in the future through new technologies (e.g. an HIV vaccine) or new scientific evidence on existing technologies. If politically feasible, an ideal solution, therefore, would be the use of specific targets and indicators with an opportunity for regular (e.g. five-yearly) revision in light of new scientific evidence.
Vague versus specific goals
Conclusion
In summary, scaling up MMC is a highly cost-beneficial intervention to address the HIV epidemic in hyperendemic countries for the period 2015-2030. In addition, our economic evaluation has demonstrated that increasing coverage of ART among the patients who need it most (i.e. those with a CD4 count <350 cells/μL) is also cost beneficial, albeit significantly less cost beneficial than MMC. Further, focusing ART first on those with a CD4 count <350 cells/μL before gradually increasing the pool of ART-eligible patients to higher CD4 count thresholds is more cost effective than immediate expansion of ART eligibility to healthier HIV-infected patients. This approach also minimizes the danger of "crowding-out" effects whereby healthier patients accessing ART prevent sicker patients from receiving the lifesaving treatment. However, both of our goals, as is the case with any large-scale public health program, face significant implementation challenges. To successfully increase ART coverage, we recommend extensive facility-and community-based HIV testing programs and the scale up of innovative measures to improve retention across the entire HIV care cascade. To increase coverage of MMC, international donors and developing country governments should increase funding for both MMC programs and demand creation.
Simultaneously, national MMC programs should focus on service efficiency through streamlining clinical procedures and task shifting to lower healthcare cadres without significantly compromising on quality of care.
